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Blue Laser (450 nm) Treatment of Solar Lentigines
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Abstract: This study tested a blue light source for the treatment of solar lentigines. A total of
14 patients with solar lentigines were treated with radiation from a novel, high-power 450 nm blue
laser that was created for this project. The group contained eight patients with solar lentigines on the
face, two patients with the lesions on the dorsal of the hands, and four patients with the lesions on
the trunk and forearms. The best results (complete recovery) have been achieved for the lesions on
the face and dorsal of the hands. The treatment of lesions on the trunk and forearms was not fully
satisfying due to the occurrence of slight scarring. This study shows that, in some cases, the use of a
blue laser may be an alternative to the use of longer wavelength sources.
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1. Introduction

Solar lentigines (LS) are sharply demarcated, hyperpigmented patches that range in
size from a few mm in diameter to more than 1 cm [1]. Typically, these lesions are located
in areas chronically exposed to sunlight, such as the face, neck, dorsum of the hands, and
forearms [2]. These lesions primarily develop in older people, and in the age group over
60 years, they occur in approximately 90% of cases [1]. These lesions, although caused
by UV radiation, have no oncogenic potential, and do not require medical intervention.
They represent only a cosmetic defect. However, many patients choose to improve their
appearance and remove solar hyperpigmentation [3]. As a standard treatment, liquid
nitrogen cryotherapy is recommended by the “Pigmentary Disorders Academy” [4]. This
method shows good therapeutic results, but patients do not always accept the discomfort
during treatment (pain, redness, blister formation, and quite long healing time), as well
as the possibility of side effects in the form of post inflammatory hyperpigmentation [5,6].
Cryotherapy is still the most commonly used form of treatment for lentigines, despite these
drawbacks. There are more and more reports on the use of various laser devices as well as
topical products or chemical peels in the treatment of these conditions [4,7]. There are also
many publications describing the positive effects of topical products containing adapalene
and a fixed combination of 2% mequinol and 0.01% tretinoine, which are an alternative to
ablative methods of treatment [4,8-11].

Since the early 1960s, the development of laser technology has led to the use of different
wavelengths emitted by these devices for the treatment of sun-pigmented lesions. The
absorption by melanin in a wide spectral range resulted in attempts to treat lentigines with
different lasers [3]. Since the blue laser emission at 450 nm is strongly absorbed by melanin
(and its relatively shallow penetration should not be a problem for lentigines), we decided
to try this wavelength for the treatment of sun-pigmented lesions. Blue lasers and lights
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are a hot topic these days in dermatology, and have been proposed in the management
of various conditions. The most common application of blue laser is the photodynamic
diagnosis and therapy with blue-violet light [12], treatment of actinic keratosis [13], and
treatment of lichen sclerosus [14]. Blue light can be used to treat acne [15], reduce sebaceous
hyperplasia [16], and stimulate hair regrowth [17]. Our recent studies have shown the
positive results of treating Port Wine Stains and telangiectasia with a 450 nm laser [18] and
using it as a surgical tool instead of a CO; laser [19]. To our knowledge, a blue laser has
not been tested for the treatment of lentigines.

2. Materials and Methods
2.1. Blue laser Source

Our laser was developed at the Institute of High Pressure Physics for the common
research project. It was based on 8 blue laser diodes coupled to a single fiber using the
method described in [20]. The laser operates in continuous mode and in pulsed mode
(pulse duration from 1 millisecond upwards). The maximum power is 48 W, and the size
of the laser spot is adjustable from 0.5 to 5 mm. All treatment parameters are selected on
the touch screen, and the device contains a power meter (to enable the measurement of
emitted power right before the treatment). More details can be found in [18].

2.2. Patients and Treatment Methods

The project received the approval of the Bioethical Commission of the Medical Univer-
sity of Warsaw (Approval Code KB/212/2015). A total of 14 patients with solar lentigines
were treated using the 450 nm laser source described above. The treatments started in
May 2016 and were completed in September 2020. All clinical work was performed at
the Dermatology Clinic of Warsaw Medical University. The patients signed the treatment
agreement form and were checked for the following contraindications: pregnant or breast-
feeding women, patients with phototoxic or photo-allergic reaction, epilepsy, cancer and
precancerous lesions, patients with a strong sunburn, and patients with herpes simplex in
the treated area.

Skin type in all patients was evaluated according to the 6-point Fitzpatric scale, i.e., in
terms of the skin reaction to UV radiation [21]. The lower the type, the easier it is to burn.

There were 2 patients with the lesions on the dorsal surface of the hands, 2 with lesions
on the forearms, 1 patient with lesions on the chest, 1 with lesions on the chest and the
forearms, and 8 with lesions on the face. In Table 1, we list the data for all the patients.
Irradiations were performed at one-month intervals. In total, there were 28 treatments.
Therefore, on average, each patient received 2 treatments. The interval between treatments
was typically 1 month, and the second treatment was concentrated on the parts of the
lentigo that were not bleached after the first treatment.

The irradiations were carried out using a fiber terminated with a hand-piece with
optics of variable focal length, with an adjustable spot diameter from 0.5 mm to 5 mm.
During the study, we found that for a spot diameter of 5 mm, the power density was too
low, and we therefore decided primarily to use a spot diameter of 2 mm for irradiation.
The entire area of the lesion was irradiated during each treatment. We conducted the first
irradiations using a power of 4 watts and an exposure time of 50 ms. We then tested higher
powers (up to 47 W) and reduced the pulse lengths (down to 15 ms).

The irradiations turned out to be rather painful for the patients, so we used local
anesthetic in the form of 5% EMLA (lidocaine and prilocaine) cream and cooled the
tissue with a flow of air. The temperature of the air in the cooler was —30 °C, but the
typical temperature of cooled skin was 68 °C. The local cooling reduced the pain, and the
evacuation of heat reduced the risk of scarring.
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Table 1. Data for the patients with solar lentigines.

Patient’s Type of Location of Number of . o Evaluation of
Number Sex  Age Skin Lesion Procedures Size (mm) Improve-Ment (%) Effects
1 F 74 II Forearms 2 10-20 30 Unsatisfactory
2 F el I Forearms 1 13 30 Unsatisfactory
3 F 7 I Face (forehead) 6 14-16 100 _Complete
disappearance
4 F 56 1 Face and neck 1 7-11 0 Resignation after one
procedure
5 F 55 v Face (forehead 3 20 100 . Complete
and cheek) disappearance
6 F 52 I Forearms 2 4-5 100 (forearms) Scarring on the chest
and chest
7 F 6 1 Face (nose) 1 15 100 _Complete
disappearance
8 F 74 I Face 1 20 100 _Complete
disappearance
9 M 70 il Face (cheek) 3 10 100 g Complete
isappearance
10 M 68 I Face (forehead) 2 20 100 g Complete
isappearance
11 M 6l 1 Dorsal of hands 1 5 100 _Complete
disappearance
12 70 II Chest 1 8 50 Partial disappearance
13 60 11 Face (nose) 1 12 50 Partial disappearance
14 M 56V Dorsal of hands 3 45 100 _Complete
disappearance
3. Results

The best cosmetic results in the form of the complete disappearance of lesions were
achieved in patients with lesions located on the face (Figure 1a,b) and on the dorsum of the
hands (Figure 2a,b). In the case of forearm and décolletage lesions, the treatment was not
satisfactory, and in the case of décolletage lesions, the treatment resulted in the formation
of small scars (Figure 3). During the tests of irradiation with different power and pulse
duration, it turned out that the best results were obtained for 47 W power and a pulse
duration of 15 ms. One patient with lesions on the face and neck, after the first irradiation
with a power of 9 W and a pulse duration of 200 ms, abandoned further attempts of
treatment because of the subjectively assessed, unsatisfactory effect of the treatment.

(a)

(b)

Figure 1. (a) Solar lentigines on the face, before treatment, (b) solar lentigines on the face, after treatment.
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Figure 2. (a) Solar lentigines on the hand, before treatment, (b) solar lentigines on the hand, after
treatment.

Figure 3. Slight scarring on the chest after laser therapy.

4. Discussion

The available modalities for the treatment of lentigines boil down to two therapeutic
methods: pharmacological and physical. Examples of pharmacological therapies include
the use of a high concentration of hydroquinone, hydroxyl acid, and tretinoin-containing
products [8-11,22]. These therapies are often unsatisfactory for patients, require a long
treatment period, and often cause skin irritation [23]. Physical therapy methods include
cryotherapy, laser therapy, and the use of chemical peels. These methods are much
more popular due to the shorter procedure time [24]. Laser devices such as Pulsed Dye
(510 or 595 nm) [25], Frequency-Doubled Nd:YAG (532 nm) [24,26-28], Q-switched ruby
(694 nm) [3,28], Q-switched alexandrite (755 nm) [22], and CO, (10,600 nm) [26] have been
used in the treatment of lentigines. All Q-switched (QS) lasers have been shown to be safe
and effective in the treatment of these lesions [3]. A 675 nm laser has also been proposed in
the management of superficial hyperpigmentation [29].

The most commonly used laser device for the treatment of lentigines today is the
frequency doubled Q-switched Nd:YAG laser [24,26-28]. Picosecond Q-switched Nd:YAG
lasers seem to give a better result in managing lentigo than old nanosecond lasers due to
their ability to concentrate energy in minimal fractions of time [30]. Many clinical studies
demonstrate the superiority and better therapeutic effects of Nd:YAG over other laser
devices, cryotherapy, as well as chemical peels [6,27,28]. In cases using more aggressive
settings of the device, however, post-inflammatory hyperpigmentation and longer-lasting
redness at the application site may occur, especially in patients with skin type III-IV,
according to the Fitzpatric scale (Fitzpatric skin type III-IV) [26,28].
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Comparable therapeutic effects in the treatment of lentigines as with the use of the
Q-switched KTP 532 nm laser can be obtained by using an IPL device with a wavelength
filter [22,31].

In most available publications, very good therapeutic results have been obtained in
the cases of treatment of lentigines located in areas exposed to the sun, i.e., the face and
dorsum of the hands. Attempts to treat lesions located on the upper extremities and trunk
show poor efficacy, while attempts to irradiate lentigines located on the lower extremities
have failed completely [25].

5. Conclusions

e  The 450 nm blue laser has proven to be another very effective device in the treatment
of lentigines. The irradiation parameters were 47 W pulses with a 15 ms duration and
2 mm spot size. Based on results for other lasers (like the KTP laser at 532 nm) we
expect that further reduction in the pulse duration (with an increase in peak power)
may reduce the risk of scarring.

e In areas where the skin is more delicate, i.e., the décolleté and forearms, the treatment
should be performed using less power and shorter exposure time because of the
possibility of slight scarring.

e Ata450 nm wavelength, we can expect strong absorption by hemoglobin. However,
this absorption peaks around 420 nm and drops for longer wavelengths. It would
likely be better to use longer blue wavelengths (like 460-470 nm) to target melanin,
and shorter blue wavelengths (like 420 nm) to target hemoglobin. A strong absorption
implies shallow penetration in the tissue, so the epidermis (melanocytes) may receive
a higher dose of light than dermis (blood vessels). We obtained positive results on
the face (thin epidermis) and on the dorsum of the hands (thick epidermis) and
scarring on the chest (where the thickness of the epidermis is intermediate), so we
have not observed any correlation of results with the thickness of the epidermis. More
prospective clinical studies are necessary to confirm the results we obtained with this
small pilot study.

Author Contributions: Conceptualization, J.S. (Jacek Szymanczyk) and W.T.; data curation, P.T,;
funding acquisition, W.T.; investigation, ].S. (Jacek Szymanczyk), P.T. and ].S. (Janusz Szymanczyk);
project administration, W.T.; resources, Y.I. and A.B.; software, Y.I. and P.T.; supervision, W.T,;
writing—original draft, J.S. (Jacek Szymanczyk); writing—review & editing, W.T. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Center for Research and Development in Poland
(Narodowe Centrum Badan i Rozwoju) project nr PBS3/A7/18/2015.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Bioethical Commission of the Medical University of
Warsaw (Approval Code KB/212/2015).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: The data presented in this study are available in Table 1.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

1. Ortonne, ].-P. Pigmentary changes of the ageing skin. Br. |. Dermatol. 1990, 122, 21-28. [CrossRef]

2. Bastiaens, M.; Hoefnagel, J.; Westendorp, R.; Vermeer, B.-].; Bavinck, ].N.B. Solar Lentigines are Strongly Related to Sun Exposure
in Contrast to Ephelides. Pigment. Cell Res. 2004, 17, 225-229. [CrossRef] [PubMed]

3. Schoenewolf, N.L.; Hafner, J.; Dummer, R.; Allemann, LB. Laser treatment of solar lentigines on dorsum of hands: QS Ruby laser
versus ablative CO2 fractional laser—a randomized controlled trial. Eur. ]. Dermatol. EJD 2015, 25, 122-126. [CrossRef]


http://doi.org/10.1111/j.1365-2133.1990.tb16121.x
http://doi.org/10.1111/j.1600-0749.2004.00131.x
http://www.ncbi.nlm.nih.gov/pubmed/15140067
http://doi.org/10.1684/ejd.2014.2513

J. Clin. Med. 2021, 10, 4919 60f7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ortonne, J.-P.; Pandya, A.G.; Lui, H.; Hexsel, D. Treatment of solar lentigines. J. Am. Acad. Dermatol. 2006, 54, S262-S271.
[CrossRef] [PubMed]

Stem, R.S.; Dover, |.S.; Levin, J.A.; Arndt, K.A. Laser therapy versus cryotherapy of lentigines: A comparative trial. . Am. Acad.
Dermatol. 1994, 30, 985-987. [CrossRef]

Todd, M.M.; Rallis, T.M.; Gerwels, ].W.; Hata, T.R. A Comparison of 3 Lasers and Liquid Nitrogen in the Treatment of Solar
Lentigines. Arch. Dermatol. 2000, 136, 841-846. [CrossRef] [PubMed]

Sezer, E.; Erbil, H.; Kurumlu, Z.; Tastan, H.B.; Etikan, I. A comparative study of focal medium-depth chemical peel versus
cryosurgery for the treatment of solar lentigo. Eur. J. Dermatol. 2007, 17. [CrossRef]

Fleischer, A.B.; Schwartzel, E.H.; Colby, S.I; Altman, D.J. The combination of 2% 4-hydroxyanisole (Mequinol) and 0.01% tretinoin
is effective in improving the appearance of solar lentigines and related hyperpigmented lesions in two double-blind multicenter
clinical studies. J. Am. Acad. Dermatol. 2000, 42, 459—-467. [CrossRef]

Kang, S.; Goldfarb, M.T.; Weiss, ].S.; Metz, R.D.; Hamilton, T.A.; Voorhees, ].J.; Griffiths, C. Assessment of adapalene gel for the
treatment of actinic keratoses and lentigines: A randomized trial. J. Am. Acad. Dermatol. 2003, 49, 83-90. [CrossRef]

Jarratt, M. Mequinol 2%/ tretinoin 0.01% solution: An effective and safe alternative to hydroquinone 3% in the treatment of solar
lentigines. Cutis 2004, 74, 319-322. [CrossRef]

Draelos, Z.D. The combination of 2% 4-hydroxyanisole (mequinol) and 0.01% tretinoin effectively improves the appearance of
solar lentigines in ethnic groups. J. Cosmet. Dermatol. 2006, 5, 239-244. [CrossRef] [PubMed]

Wozniak, Z.; Trzeciakowski, W.; Chlebicka, I.; Ziétkowski, P. Photodynamic diagnosis and photodynamic therapy in basal cell
carcinoma using a novel laser light source. Photodiagnosis Photodyn. Ther. 2020, 31, 101883. [CrossRef] [PubMed]

Ericson, M.B.; Wennberg, A.M.; Larko, O. Review of photodynamic therapy in actinic keratosis and basal cell carcinoma. Ther.
Clin. Risk Manag. 2008, 4, 1-9. [PubMed]

DI Meo, N.; Nan, K.; Noal, C.; Ottaviani, G.; Biasotto, M.; Trevisan, G. Blue diode laser: A new strategy for the management of
lichen sclerosus et atrophicus. G Ital. Dermatol. Venereol. 2018, 153, 289-291. [CrossRef] [PubMed]

Braun, M. Combination of a new radiofrequency device and blue light for the treatment of acne vulgaris. J. Drugs Dermatol. JDD
2007, 6, 838-840.

Gold, M.H.; Bradshaw, V.L.; Boring, M.M.; Bridges, T.M.; A Biron, J.; Lewis, T.L. Treatment of sebaceous gland hyperplasia by
photodynamic therapy with 5-aminolevulinic acid and a blue light source or intense pulsed light source. J. Drugs Dermatol. JDD
2004, 3, S6-S9. [PubMed]

Lodi, G.; Sannino, M.; Cannarozzo, G.; Giudice, A.; Del Duca, E.; Tamburi, F; Bennardo, L.; Nistico, S.P. Blue light-emitting
diodes in hair regrowth: The first prospective study. Lasers Med Sci. 2021, 36, 1719-1723. [CrossRef]

Szymarnczyk, J.; Trzeciakowski, W.; Ivonyak, Y.; Tuchowski, P.; Szymariczyk, J. Blue Laser (450 nm) in the Treatment of Port Wine
Stains and Telangiectasia. J. Clin. Med. 2021, 10, 1258. [CrossRef]

Szymanczyk, J.; Marikkowska, A.; Szymarniski, K.; Pétchlopek, T.; Trzeciakowski, W.; Szymaniczyk, J. High-power blue laser as a
versatile tool in dermatology. J. Cosmet. Dermatol. 2021. [CrossRef]

Ivonyak, Y.; Piechal, B.; Mrozowicz, M.; Bercha, A.; Trzeciakowski, W. Note: Coupling of multiple laser diodes into a multi-mode
fiber. Rev. Sci. Instruments 2014, 85, 036106. [CrossRef]

Fitzpatrick, T.B. The Validity and Practicality of Sun-Reactive Skin Types I Through VI. Arch. Dermatol. 1988, 124, 869. [CrossRef]
Wang, C.-C.; Sue, Y.-M.; Yang, C.-H.; Chen, C.-K. A comparison of Q-switched alexandrite laser and intense pulsed light for the
treatment of freckles and lentigines in Asian persons: A randomized, physician-blinded, split-face comparative trial. J. Am. Acad.
Dermatol. 2006, 54, 804-810. [CrossRef]

Yoshimura, K.; Harii, K.; Aoyama, T.; Iga, T. Experience with a Strong Bleaching Treatment for Skin Hyperpigmentation in
Orientals. Plast. Reconstr. Surg. 2000, 105, 1097-1108. [CrossRef]

Vachiramon, V.; lamsumang, W.; Triyangkulsri, K. Q-switched double frequency Nd:YAG 532-nm nanosecond laser vs. double
frequency Nd: YAG 532-nm picosecond laser for the treatment of solar lentigines in Asians. Lasers Med Sci. 2018, 33, 1941-1947.
[CrossRef] [PubMed]

Grekin, R.C.; Shelton, R.M.; Geisse, J.K.; Frieden, I. 510-nm Pigmented Lesion Dye Laser. |. Dermatol. Surg. Oncol. 1993, 19,
380-387. [CrossRef] [PubMed]

Vachiramon, V.; Panmanee, W.; Techapichetvanich, T.; Chanprapaph, K. Comparison of Q-switched Nd: YAG laser and fractional
carbon dioxide laser for the treatment of solar lentigines in Asians. Lasers Surg. Med. 2016, 48, 354-359. [CrossRef] [PubMed]
Li, Y.-T.; Yang, K.-C. Comparison of the Frequency-Doubled Q-Switched Nd:YAG Laser and 35% Trichloroacetic Acid for the
Treatment of Face Lentigines. Dermatol. Surg. 1999, 25, 202-204. [CrossRef]

Negishi, K.; Akita, H.; Tanaka, S.; Yokoyama, Y.; Wakamatsu, S.; Matsunaga, K. Comparative study of treatment efficacy and the
incidence of post-inflammatory hyperpigmentation with different degrees of irradiation using two different quality-switched
lasers for removing solar lentigines on Asian skin. J. Eur. Acad. Dermatol. Venereol. 2011, 27, 307-312. [CrossRef]

Nistico, S.P,; Tolone, M.; Zingoni, T.; Tamburi, E; Scali, E.; Bennardo, L.; Cannarozzo, G. A New 675 nm Laser Device in the
Treatment of Melasma: Results of a Prospective Observational Study. Photobiomodul. Photomed. Laser Surg. 2020, 38, 560-564.
[CrossRef]


http://doi.org/10.1016/j.jaad.2005.12.043
http://www.ncbi.nlm.nih.gov/pubmed/16631967
http://doi.org/10.1016/S0190-9622(94)70123-7
http://doi.org/10.1001/archderm.136.7.841
http://www.ncbi.nlm.nih.gov/pubmed/10890985
http://doi.org/10.1684/ejd.2007.0104
http://doi.org/10.1016/S0190-9622(00)90219-6
http://doi.org/10.1067/mjd.2003.451
http://doi.org/10.1067/mjd.2003.451
http://doi.org/10.1111/j.1473-2165.2006.00260.x
http://www.ncbi.nlm.nih.gov/pubmed/17177746
http://doi.org/10.1016/j.pdpdt.2020.101883
http://www.ncbi.nlm.nih.gov/pubmed/32574799
http://www.ncbi.nlm.nih.gov/pubmed/18728698
http://doi.org/10.23736/S0392-0488.17.05506-7
http://www.ncbi.nlm.nih.gov/pubmed/29564880
http://www.ncbi.nlm.nih.gov/pubmed/15624735
http://doi.org/10.1007/s10103-021-03327-9
http://doi.org/10.3390/jcm10061258
http://doi.org/10.1111/jocd.14432
http://doi.org/10.1063/1.4868598
http://doi.org/10.1001/archderm.1988.01670060015008
http://doi.org/10.1016/j.jaad.2006.01.012
http://doi.org/10.1097/00006534-200003000-00040
http://doi.org/10.1007/s10103-018-2560-3
http://www.ncbi.nlm.nih.gov/pubmed/29948457
http://doi.org/10.1111/j.1524-4725.1993.tb00361.x
http://www.ncbi.nlm.nih.gov/pubmed/8478479
http://doi.org/10.1002/lsm.22472
http://www.ncbi.nlm.nih.gov/pubmed/27096729
http://doi.org/10.1046/j.1524-4725.1999.08171.x
http://doi.org/10.1111/j.1468-3083.2011.04385.x
http://doi.org/10.1089/photob.2020.4850

J. Clin. Med. 2021, 10, 4919 70f7

30.

31.

Silvestri, M.; Bennardo, L.; Zappia, E.; Tamburi, F.; Cameli, N.; Cannarozzo, G.; Nistico, S.P. Q-Switched 1064/532 nm Laser with
Picosecond Pulse to Treat Benign Hyperpigmentations: A Single-Center Retrospective Study. Appl. Sci. 2021, 11, 7478. [CrossRef]
Tanaka, Y.; Tsunemi, Y.; Kawashima, M. Objective assessment of intensive targeted treatment for solar lentigines using intense
pulsed light with wavelengths between 500 and 635 nm. Lasers Surg. Med. 2015, 48, 30-35. [CrossRef] [PubMed]


http://doi.org/10.3390/app11167478
http://doi.org/10.1002/lsm.22433
http://www.ncbi.nlm.nih.gov/pubmed/26462982

	Introduction 
	Materials and Methods 
	Blue laser Source 
	Patients and Treatment Methods 

	Results 
	Discussion 
	Conclusions 
	References

